cost and compatibility with Indonesian situations in order to make policy recommendations for implementation by the Indonesia government.
Introduction
Agriculture is the third most significant contributor to Indonesian GDP ( Figure 1 ) and is still the most prominent source of labor especially in rural areas. However, along with forestry and land use change, it becomes the biggest national contributor to GHG emissions. Around 55,6% of total national emission comes from Agriculture, Forestry, and Land Use Change (AFOLU) (Ministry of Environment and Forestry 2015) and makes Indonesia one of the biggest emitters in the world. Indonesia must therefore reduce its emissions, and under Nationally Determined Commitments (NDCs), Indonesia has agreed to reduce its emission by 29% from current levels by 2030 (Ge, Friedrich and Damassa 2014) . Meanwhile Indonesia also wants to transform its own status from that of a developing country to a developed country by 2030 (Badan Intelejen Negara 2012). Meanwhile pollution is predicted to increase alongside economic development and population expansion making it important for Indonesia to invest and implement mitigation technology to enable it to relies a low emission economic growth.
Indonesia's ambition to reduce pollution emissions is very complicated because its economy is still dependent on the agricultural sectors, but these also produce the highest emissions. Although agricultural emissions are small when compared to those from forestry and land use change, this sector is the most vulnerable sector to effects of climate change. In addition, agriculture is central in producing non-CO2 emissions, especially methane (CH4) and Nitrous Dioxide (N2O) (Tubiello et https://doi.org/10.1515 (Tubiello et https://doi.org/10. /opag-2018 received November 7, 2017; accepted February 17, 2018 Abstract: Reduction of Green House Gas (GHG) emissions in the agricultural sector is the main target for reducing non-CO 2 emissions. In Indonesia, the agricultural sector is the third largest GHG emitter, far behind that from Land Use Change and Forestry (LUCF) and the energy sector. However, the agricultural sector is the biggest contributor of non-CO 2 emissions and is also the most vulnerable sector to climate change. The Indonesian government is committed to reduce total emission inform current levels by 29% by 2030 under Nationally Determined Contribution (NDC). This will require reductions in emissions from all sectors including agriculture. Several mitigation technologies have been recommended by UNFCCC for implementation such as replacing urea with ammonium sulfate fertilizer; replacing nitrogen fertilizer with multicontent fertilizer; water irrigation management; replacing roughage with concentrate as livestock feed; and building biogas digesters. From our Computer General Equilibrium (CGE) simulation, if the focus of mitigation technology implementation in agriculture is to reduce non-CO 2 emissions gases such as CH 4 and N 2 O, then a comprehensive approach is needed. If the government implements the technology partially, we predict there will be a trade-off between CH 4 and N 2 O emission. However, our simulation shows the loss to GDP caused by a new emission mitigation policy is very high even though Indonesia has invested for mitigation technology in agriculture. This is because we consider the additional investment needed will be costly and some technologies may not be suitable for implementation in Indonesia. In this research, we review current literature and examine each technology and its 
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Materials and Methods
The process involved in this study is shown in Figure  2 . This study is an extension of a study by Malahayati and Masui (2017) to simulate the economic system using Computer General Equilibrium (CGE) models for Indonesian investment in applying mitigation technology for agriculture sectors. However, we found that although the investment modelling is very effective to reduce the non-CO2 emission, fully reliance on the reduction of emissions in the agricultural sector will be very costly. Further explanation of these predictions is required.
al. 2014). Consequently emissions from this sector must be controlled to prevent them increasing in parallel with economic growth. Major literature provides a list of mitigation technologies in for agriculture sectors which effective to reduce non-CO2 is correlated with each other, every decision or policy change may affect another sector. In this simulation, we assume that Indonesia will implement the policy to reduce its emission by 29% by 2030. This policy makes every sector pay a "carbon tax" each time it produces carbonintensive goods. The implication is that each sector will reduce their production if their sector is responsible for a high emission and, in the end, reduce the total GDP. However, under this system, any sector that could reduce its emission may produce higher output. Here, in this study, we assume government decides to invest in mitigation technologies for the agriculture sector. The policy will let the agriculture sector produce a higher output. However, to implement the necessary technologies, the government may need to add more investment from another industry or add more cost to boost investment in the agriculture sector itself. High additional cost for this investment will probably reduce the GDP loss but not fully close the gap. We also provide some scenarios to distinguish between different policies in the agricultural sectors and compare which scenarios From deeper literature review and statistical analysis, we found that one of the reasons for high GDP loss is the high cost of mitigation technologies. We tried to elaborate on obstacles for each technology, additional costs needed, and whether it is possible to be implemented in Indonesia.
CGE Models
The previous simulation was using CGE model by using economic data from Indonesia Input-Output (IO) table 2010. There are 32 sectors in this model, five of which are AFOLU sectors. These 32 sectors are aggregated from the more detailed Indonesian IO table, which has 185 sectors. In production blocks, each producer maximizes profit subject to the production function in that sector. The relations between every sector are described in Figure 3 below:
Each sector in CGE model is assumed to be related to each other. Inputs from one sector can be used as input in other sectors towards produced outputs. While each sector technologies, depending on the emission sources. All of them have mitigation potential. Due to the temporal and data limitations, only a few selected mitigation technologies have been chosen, as can be seen in Table 2 . There are also some research limitations. In this study, we only assume that the mitigation technology implemented is from the agricultural sector; the mitigation technology began to be implemented and work in 2015.
Ethical approval: The conducted research is not related to either human or animals use.
Results and Discussion
The Emission reduction and GDP Loss
The summary of our simulation is shown in Table 3 . Our findings show that, although the government decides to invest for all mitigation technologies for agriculture, it will still cause a high GDP loss (2.98%). Although this number is smaller than if the government did nothing as in INDC scenario, an almost 3% reduction of GDP is considered a high cost for developing country like Indonesia.
The reason for the high GDP loss is because the implementation of policies to lower emissions is conducted on a very tight schedule. In this simulation, we have assumed that the government has started will be more suitable for implementation by the Indonesia government considering the situation and the budget availability.
Scenario and Study Limitations
There are six scenarios in this study: BaU: Without any emission reduction policy INDC: Emissions begin to be limited to achieve the 29% reduction target ( Another concern now is about the feasibility of mitigation implementation in Indonesia. The next section will explain the reality in the field of implementing recommended mitigation technology for the agricultural sector.
Review of Each Mitigation Technologies
Mitigation Technologies for the Rice Paddy in Practice
Water Management Around 46% of irrigation schemes in Indonesia are in unserviceable condition (Syadri 2017 ) and the cause of poor water management for the rice paddy. It also makes the rice fields in Indonesia vulnerable to flooding during the rainy season and dry during the dry season. In short, poor irrigation is already responsible for decreased rice production in several provinces (Saragih 2016 , Suryowati 2015 , Rayadie 2016 .
Meanwhile, there is little incentive for the farmers to fix the irrigation systems, and for several reasons:-1) Indonesian farmers tend to let their rice fields flood and only require there to be water in the paddies., so they do not care about fixing the irrigation as long as there is water for their field.2) It should be noted that nationally, the total cost to fix these irrigation systems in Indonesia may be as much as 21 Trillion IDR including 3 Trillion IDR for primary irrigation, and 18 Trillion IDR for secondary the policy in 2015. It would be a shock to all sectors to reduce their production due to the emission restrictions. Moreover, we also found that although the investment in agriculture might have a positive impact on another sector, the investment itself is quite costly. The obstacles to implementation of each technology and its cost will be presented in detail in the next section.
From our simulation result, we found that implementation of emission mitigation technologies in the agricultural sector may reduce the non-CO2 emission somewhat (Figure 4) . However, it can be seen that the lowest emissions can be achieved alongside comprehensive mitigation actions (INDC2), while partial mitigation technology brings an emission tradeoff. Partially implementing the scenario INDC1-01 can significantly reduce CH4 emission but is not effective to reduce N2O emission. The N2O emission reduction after implementing INDC1-01 is the lowest compared to any other scenario.
Moreover, if we only implement partial mitigation in soil management (INDC1-02), we can significantly reduce N2O emission but the CH4 emission will increase, and from our simulation, it might exceed the BaU level by 2030. So, we conclude that if the focus is to reduce non-CO2 emission, then the partial reduction will bring the trade-off between CH 4 and N 2 O emission. However, we also understand that sometimes government will face budget constraints to execute a program. If the budget becomes the concern and government need to choose which scenario to choose, we first suggest partially implementing soil management mitigation (INDC1-02). This recommendation is based on the simulation result that the N2O reduction in INDC1-02 is higher than the CH4 of urea with ammonium sulphate could reduce the CH4 emission in paddy sector by 40% but in the same time might increase the N2O emission by 24% and this is possible because of inverse effects on nitrification rates and soil pH (Burger and Venterea 2011) . This phenomenon explains findings from the present study that mitigation protocol (INDC1-01) has a marked effect on reduced CH4 emission but only slightly reduces the N2O emission from BaU level.
Mitigation Technologies for the Soil Management
Indonesia farmers still prefer to use single-content fertilizer, instead of multi-content fertilizer. The reason is flexibility to mix components to suit the crop. While Indonesian farmers are mainly still considered as traditional farmers, their choice of fertilizer dosage is mainly based on the experience of how much of every single fertilizer type to mix for their plants. Moreover, as a humid-tropical country, agriculture in Indonesia is characterized by diverse crop species, with each crop having different mineral requirements from the fertilizer (Table 5) . However, farmers tend to use more than the recommended dose of fertilizer in some cases 60% more (Hamdani and Susanti 2016, Hildayanti, et al. 2013 ) (Syamsiyah and Mujito 2016) . This practice will increase the N2O emission from the soil. Moreover, to reduce the emission, it is advisable to use fertilizer more efficiently. One example of more efficient fertilizer is multi-compound fertilizer like NPK (Nitrogen, Phosphate, Potassium) fertilizer. Multi-compound fertilizer is considered environmentally friendly because it might reduce the total amount used. However, from Table  3 we can see that the price of multi-compound fertilizer is higher than the single-compound fertilizer. In most cases, farmer fertilizer expenditure might increase just by changing from single-compound to multi-compound fertilizer. Our calculation predicts that by opting for multicompound fertilizer might increase farm costs by around and tertiary irrigation (Setiawan 2013) . 3) Total costs for irrigation operation and maintenance can reach 70% of investment cost (Rivai 1993 , Marpaung 2013 4) the rice variety planted in Indonesia is Ciherang which is flood resistant and high yielding (Seno et al. 2014) . 5) Continuously fields reflect lack of farmer's knowledge about water management. The field needs to be flooded when it is in vegetative and generative phase (Harjanti 2012 )though in practice farmers still face difficulties in assigning this phase but if the paddy dries during the vegetative and generative phase, it will cause a reduction in the yield. Taking these points together, the farmers usually prefer to choose continuous rather than intermittent irrigation.
Replace Urea with Ammonium Sulphate
Nitrogen fertilizer (N-fertilizer) is needed to increase the rice paddy yield (Yang et al. 2014) . Urea is the best known nitrogen fertilizer because of its high Nitrogen content. However, once in contact with paddy water the urea ((NH2)2CO will be hydrolyzed by bacterial urease CO2 and NH3. Urease will increase the soil pH and also redox potential which boosts the growth of methanogen bacteria. This bacterium is anaerobic and plays an essential role in methane emission through soil decomposition (Wihardjaka 2015, Mulyadi and Wihardjaka 2014) . To reduce the inevitably high methane emission after urea fertilizer, urea should be replaced by ammonium sulfate fertilizer like ZA ((NH 4 ) 2 SO 4 ). However, the nitrogen compound in ammonium sulfate is only around 20-21% while in urea it can be around 45-46% (Schwab 2002) .
In Indonesia, the price of ammonium sulfate itself is lower than the urea (Table 4 ) but in practice, rice farmers tend to double the quantity of Ammonium Sulphate fertilizer because they feel the impact to their crops would be less than using equivalent amounts of urea. In the end, this increases the farmer's expenditure for fertilizer by around 50%.
In addition, use of Ammonium Sulphate fertilizer also increases N2O emission. On average, the replacement government want to implement climate-smart agriculture which produces lower emission. The recent agriculture census in 2013 showed that farmers' income was still considered very low, around 26,6 million IDR per year ( Figure  6 ) or about 2,2 Million IDR/month or only 180 USD/month1 or around 6 USD/day. Although still above the poverty line set by the world bank, it is still considered small particularly against a background of increasing living expenses. Moreover, some farmers are already using NPK fertilizers but availability of subsidized NPK fertilizer is low compared to the demand and farmers cannot afford the non-subsidized fertilizer which can be double the price (Virzinia 2017 , Hasyim 2017 .
1 1 USD= 12177 IDR (2013) 2-15% and this is high compared to total income.
In Indonesia, the farmer's third biggest expenditure is fertilizer spending (Figure 5 ), so any reduction to fertilizer expenditure might significantly reduce a farmer's total expenditure. In short, the idea of changing the fertilizer to a more efficient one is a good idea both to reduce the emission and to make farmer's work more efficient. However, the reality is that farmer's income is lower than other sectors so any increased fertilizer cost might become a burden.
Introduction of mitigation technologies is an important goal, if only to judge their value. However, it is very important also not to lose sight of the farmer's income. This, could be one of the biggest challenges to be solved if Indonesian manufacture increases use of pesticides, fertilizer, and herbicides in addition to transport costs since the concentrate is rarely produced on-farm (Beauchemin et al. 2008) . From an ecological viewpoint grazing the ruminants on marginal grasslands that cannot be used for arable crops is non-competitive and beneficial (Muller et al. 2016) .
Biogas Development
Biogas development from animal dung is considered as one of the most effective ways to reduce emission in the livestock sector. Ultimately Biogas may eliminate demand for fossil fuel and firewood and reduce the CO2 and CH4 emission. It is also one solution to reduce the water pollution due to dung discharged to the rivers. Around 50% of the livestock waste is used to make compost in Indonesia but still another 50% is dumped or burnt (Table  6) .
Progress in development of this technology however is considered stagnant and even decreasing in Indonesia. One of the biggest cattle producing regions in Indonesia is East Java, which contributes 39% of national cattle population and 57% of dairy production. However, the number of biogas installations here has dropped drastically from around 1320 units per month in 2014 to around 25-50 units per month. This is because the
Mitigation Technologies for the livestock in Practice
Replace Roughage with Concentrates Replacement of roughage with concentrates is believed to reduce methane emission by10% for every 20% of roughage replacement (Bates 2001) . However, this technology might be difficult to implement in Indonesia. The biggest difficulty is making the desired change when practices change so widely. While 60:40 for roughage : concentrate is common it can be 50:50 with good quality of roughage while for beef cattle, farmers may feed at 40:60 or even a 20:80 ratio to fatten the cattle (Wasdiantoro 2010 , Thaariq 2017 .
It is clear that in the replacement of roughage is more viable for beef cattle. In dairy cattle, milk quality decreases when the concentrate exceeds the roughage ratio. Although concentrate can allow beef cattle to grow bigger and faster it creates the danger of Subacute Ruminal Acidosis, a major disturbance of digestive efficiency. In the end, giving a high proportion of concentrate is not profitable for the farm as the price of concentrate could be twice that of the roughage (Beauchemin et al. 2008 , Jia et al. 2014 , O'Mara et al. 2007 .
Increased use of dietary concentrate also has implications for non-farm emission. Concentrate urea with ammonium phosphate, a combination between both of those might be more economical and efficient because it might reduce the use of both fertilizers. There is also the possibility to increase the yield of the paddy (Watson 1988, Amberger and Germann-Bauer 1990) . However, future research about the best combination of urea and ammonium sulfate which can both reduce emission without reducing the rice yield is still needed due to lack of information on GHG emission resulting from such a combination. Considering livestock health and the quality of the livestock product, we cannot fully accept the mitigation technology to replace roughage with concentrate. However, we suggest more research related to the best concentrate and roughage combination for each category of livestock is still needed. While for the biogas development, some financial aid for building and most importantly maintenance of the biogas digester is required. A collaborative biogas building and maintenance is needed in each village where everyone in the village benefits but also has a responsibility to maintain the biogas plant. installation and treatment cost is too high for Indonesian farmers of whom the majority are still gaining below the national average income (Vorley, Porras and Amrein 2015, TRANSrisk Project 2016) . Installation cost for 4 m 3 capacity biogas plant can reach 436 USD or around 5,2 Million IDR (Table 7) . This is not considered profitable in a farm household where the gas product can only be used for cooking for 4 hours/day. Another problem which is typical for developing countries is the lack of technical experience to build and then maintain an efficient anaerobic biogas dome digester. Biogas installations therefore fall into disuse a serious disincentive for others to adopt this technology influencing other people to never adopt the technology (Wahyudi, Kurnani and Clancy 2015) 
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Conclusion and Recommendation
Our simulation findings have shown that the implementation of a comprehensive emission mitigation technology in agriculture is effective enough to reduce the non-CO2 emission. However, we also found that the high cost of investment will also bring another problem to Indonesian economics that there also a gap between theory and practice. The technology recommended in the literature may not always be suitable in the field, especially for the developing countries like Indonesia. We recommend modified mitigation technologies which can be adjusted to national and local conditions.
In the paddy sector, instead of outright replacement of 
